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1.  INTRODUCTION 

This  study  augments  the  5-in.  Guided  Projectile  Remote  Set  Proposal 
submitted  by  the  Harry  Diamond  Laboratories  (HDL)  on  21  May  1975.  Since 
this  proposal  was  submitted,  the  Naval  Surface  Weapons  Center,  Dahlgren,  VA, 
provided  funds  for  HDL  to  investigate  two  system  characteristics  that  were 
not  considered  in  the  original  proposal:  (1)  a means  of  storing  the 
message  in  the  projectile  for  up  to  5 min  prior  to  firing  and  (2)  a reverse 
data  link  by  which  the  receiving  circuitry  in  the  projectile  could 
positively  respond,  indicating  that  it  received  a correct  message.  In  con- 
sidering methods  of  adding  these  features,  it  was  assumed  that  the  system 
requirements  listed  in  table  I would  also  be  met. 

This  paper  discusses  two  methods  for  5-min  data  storage.  The  first  is  a 
volatile  complementary  metal  oxide  semiconductor  (CMOS)  memory  powered  by  a 
capacitor  and  the  second,  a nonvolatile  metal  nitride  oxide  silicon  (MNOS) 
memory.  A method  for  incorporating  the  reverse  link  was  devised  and  tested. 
The  last  section  of  this  report  describes  the  rationale  for  selecting  the 
proposed  memory  and  reverse  link  system  and  its  impact  on  the  total  system. 


TABLE  I.  SYSTEM  REQUIREMENTS 


Characteristics 

Values 

Operating  temperature 

-40  to  70°C 

Stored  bits 

22 

Total  time  to  set 

1.3  s 

Time  setting 

Max  time  to  function 

50  s 

Setting  increment 

1 s 

Accuracy 

0.1%  of  max  time 

2 . FIVE-MINUTE  STORAGE 


The  CMOS  Memor 


The  CMOS  memory  must  be  powered  during  the  5-min  storage  time.  One 
method  used  to  provide  stored  energy  is  in  a capacitor  charged  by  the 
carrier  signal  of  the  setter  during  the  time  a set  message  is  sent.  This 
method  requires  that  the  current  drain  on  the  capacitor  be  minimized,  done 
by  turning  off  all  circuitry,  except  the  memory,  once  the  message  is  sent. 
The  drain  then  consists  of  the  quiescent  current  required  for  the  memory  and 
various  leakage  currents  that  must  exist. 


The  drain  on  the  capacitor  is  very  small.  At  room  temperature, 
with  typical  leakage  currents,  the  capacitor  could  drive  the  CMOS  for  hours. 
Under  extreme  conditions  of  temperature  and  atypical  (but  within  specifi- 
cation) leakage  currents,  the  drain  becomes  significant  and  must  be 
calculated. 

Figure  1 illustrates  a power  supply  configuration  that  can  drive 
all  of  the  circuitry  during  a message  and  then  turn  off  all  but  the  memory. 
While  the  setter  is  on,  the  memory  is  powered  through  CR4.  The  remaining 
logic  is  powered  through  CR4  and  the  MOS  field  effect  transistor  (FET) , Qj, 
which  is  turned  on  whenever  battery  or  coil  voltage  is  present.  When 
battery  or  coil  voltage  is  not  present,  Qi  is  off,  CR4  is  back  biased,  and 
the  capacitor  drives  only  the  CMOS  memory.  During  this  time,  this  circuit 
reduces  to  the  leakage  model  shown  in  figure  2.  The  reverse  leakage  current 
of  CR4,  Qi,  and  the  Zener  diode,  CR6,  are  modeled  as  current  sources,  while 
the  leakage  of  the  capacitor  and  the  quiescent  current  are  simulated  with 
resistors.  The  instantaneous  voltage  across  the  capacitor,  V(t) , is 

V(t)  = + IR)e_t//RC  - IR  , 


where  Vc  = initial  voltage  on  the  capacitor.  Solving  for  time,  t,  and 

setting  V(t)  equal  to  the  minimum  operating  voltage  for  the  CMOS,  V , 

win 


t = -RC 
s 


V . + 1R\ 

min l 

V + IR  I 


This  is  the  time  it  takes  the  capacitor  to  discharge  to  the  point  where  it 
can  no  longer  support  the  memory. 


Table  II  shows  leakage  currents  that  can  exist  in  specific  devices 
used  in  this  design.  Using  the  maximum  leakage  that  could  occur  at  70°C,  an 
initial  voltage  of  13  V,  and  Vmin  = 3 V yields  t = 7.9  s.  This  is  far  from 
acceptable.  Most  of  the  current  drain  is  due  to  the  high  leakage  specifica- 
tions for  the  Zener  diode  and  the  RCA  CD4006AD  shift  registers . These 
specifications  are  well  above  the  typical  values  expected  and  include  almost 
the  entire  distribution  of  devices.  By  selecting  a lower  leakage  level, 
which  would  result  in  approximately  a 50-percent  yield,  the  leakage  currents 
in  the  last  column  of  table  II  may  be  obtained.  By  use  of  these  values, 
tg  = 4 min,  50  s.  By  use  of  the  conservative  model  and  the  fact  that  five 
components  must  exhibit  worst-case  behavior,  the  storage  time  requirement  is 
essentially  met. 

In  summary,  the  CMOS  memory  can  store  the  data  for  5 min,  if  three 
components  (one  Zener  diode,  two  shift  registers)  are  selected  for  minimum 
leakage  currents. 
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TABLE  II.  LEAKAGE  CURRENTS  FOR  CMOS  MEMORY 


Part 

Example 

Model 

Max 

leakage 
at  70°C  (A) 

Leakage  at  70°C 
(select*)  (A) 

Zener 

IN4736 

I 

100 

0.1* 

Shift  register 

CD4006AD 

R 

16  at  5 V 

0.3  at  5 V* 

FET 

ZN4351 

I 

0.25  u 

0.25  U 

Diode 

IN4448 

I 

0.5  u 

0.5  V 

Capacitor 

Sprague  (120  _F) 
10901 27X001 5CFO 

R 

5 u at  15 

V 5 v at  15  V 

2 . 2 The  MNOS 


Another  method  of  storing  the  data  is  to  use  an  MNOS  memory.  This 
is  a nonvolatile  memory  that  requires  no  power  to  retain  the  message.  An 
MNOS  memory  cell  is  shown  in  figure  3.  The  gate  threshold  voltage  is  pro- 
grammed by  large  gate-to-substrate  voltages  (VGS) . A positive  VGS  causes  a 
high  threshold  voltage,  while  a negative  V causes  a low  thresheld  voltage. 
The  value  of  the  threshold  is  retained  if  power  is  interrupted.  The  memory 
cell  is  read  by  applying  a gate  voltage  between  the  two  possible  threshold 
voltages.  If  the  transistor  turns  on,  it  may  be  defined  as  a "1";  if  it 
remains  off,  it  is  defined  as  a "0." 


Figure  3.  The  MNOS  memory  cell. 
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The  time  required  to  set  the  threshold  is  approximately  10  ms  with 
an  amplitude  of  25  V.  In  normal  practice,  the  entire  memory  is  erased;  then 
the  "1"  states  are  set  in  parallel.  The  entire  erase-write  cycle  would  then 
take  about  20  ms.  Figure  4 shows  the  block  diagram  for  an  MNOS  memory 
system. 


ERASE 

READ 


DATA 


Figure  4.  The  MNOS  memory. 


The  mode  and  code  data  are  clocked  into  the  15-bit  shift  register, 
and  an  analog  window  allows  the  counter  to  index  for  a time  proportional  to 
the  desired  set  time.  During  the  serial  data  transfer,  the  MNOS  memory  is 
erased.  Following  the  analog  window,  when  data  transfer  is  complete,  a 
10-ms  read  pulse  loads  the  memory.  The  data  are  now  stored  regardless  of 
power  supply  voltage. 

Several  characteristics  of  this  system  should  be  noted.  First, 
although  the  programming  pulses  have  a relatively  high  amplitude  and  long 
duration,  only  two  are  required  at  a very  low  current  level  (nanoamperes ) . 
This  means  very  little  total  energy  must  be  transferred  to  the  receiver. 
Second,  the  MNOS  circuitry  is  more  complex  than  that  of  the  CMOS  memory 
because  it  adds  an  MNOS  memory.  Also,  a means  of  steering  the  proper  pro- 
gramming and  read  voltages  to  the  gate  of  each  bit  must  be  added. 


3.  REVERSE  DATA  LINK 

It  is  desirable  to  have  a positive  response  from  the  projectile 
electronics  indicating  a message  has  been  received  and  the  message  is 
accurate.  This  reverse  link  can  be  established  as  follows.  By  shorting  and 
unshorting  the  receiving  coil  while  the  transmitting  coil  is  on,  the 
amplitude  of  the  transmitted  signal  may  be  modulated.  This  occurs  because 


the  changing  impedance  of  the  secondary  coil  is  reflected  to  the  primary 
coil.  Thus,  a reverse  link  can  be  established  by  amplitude  modulation  of 
the  transmit  signal. 

The  feasibility  of  this  concept  was  demonstrated  in  the  laboratory  with 
the  circuit  shown  in  figure  5.  The  primary  coil  was  approximately  5 in.  in 
diam  while  the  secondary  coil  was  3 in.  in  diam  and  approximately  6 in. 
away.  An  adequate  signa1  amplitude  of  250  mV  was  detected  at  the  output  and 
can  easily  be  processed. 

It  is  recommended  that  the  entire  message  should  be  repeated  during  the 
reverse  link  phase.  Although  some  type  of  bit  count  and  parity  check  with  a 
yes  no  response  would  probably  be  adequate,  the  circuitry  on  the  projectile 
required  to  do  this  is  more  than  that  ’'equired  to  return  the  entire  message. 
The  returned  message  can  be  compared  with  the  transmitted  message  to  check 
for  accuracy. 


SQUARE  -TLTL 

WAVE  ! wv 

GENERATOR)  I kHz 


T 


Figure  5.  Reverse  link  laboratory  simulation. 


4 . RECOMMENDED  SYSTEM 

4.1  Selection  of  Memory 

Table  III  is  a comparison  of  the  CMOS  and  MNOS  memories.  The  CMOS 
is  preferable  in  all  categories  except  risk  in  coil  design.  The  120-yF 
storage  capacitor  must  be  charged  within  approximately  500  ms  to  allow 
enough  time  to  set  the  message.  This  means  a relatively  high  current  must 
be  generated  in  the  receiving  coil.  The  data  suggest  that  this  charging  can 
be  done,  but  it  has  not  yet  been  demonstrated. 


TABLE  III. 


CMOS  VERSUS  MNOS 


Cha  racteristic 

CMOS 

MNOS 

Power  required 

High  current, 
low  voltage 

Very  low  current, 
high  voltage 

Receiver  circuit 
complexity 

Med i um 

High 

Coil  design  risk 

Medium 

Low 

Circuit  design  risk 

Low 

Medium 

Cost 

Low 

Medium 

Ability  to  increase 
storage  time 

Poor 

Excellent 

Because  the  CMOS  memory  is  desirable  from  every  other  aspect,  use 
of  the  CMOS  storage  is  recommended.  Primary  emphasis  should  be  placed  on 
demonstrating  the  ability  to  charge  the  storage  capacitor  in  a reasonable 
time.  Otherwise,  the  MNOS  memory  would  serve  as  a backup  approach. 

4 . 2 System  Description 

A block  diagram  of  the  recommended  receiver  is  shown  in  figure  6. 
The  timing  diagram  for  the  system  is  given  in  figure  7.  A continuous  signal 
is  sent  for  at  least  500  ms,  which  charges  the  power-supply  capacitor.  This 
is  followed  by  a 10-ms  reset  pulse,  which  initializes  all  the  circuitry. 
Then,  15  bits  of  data  are  encoded  on  a pulse-width-modulated  signal  and  are 
shifted  into  the  CMOS  memory.  These  pulses  are  followed  by  two  timing 
pulses  separated  by  the  function  time  divided  by  1024.  A counter  in  the 
receiver  begins  counting  on  the  first  pulse  and  stops  on  the  second  pulse. 
The  final  count  is  proportional  to  the  desired  function  time.  This  count  is 
also  shifted  to  the  CMOS  memory.  With  the  CMOS  storage  register  in  a ring 
counter  configuration,  the  data  set  is  shifted  through  the  output  flip-flop 
once.  The  serial  output  of  the  shift  register  is  then  applied  to  the 
silicon  controlled  rectifier  (SCR)  gate,  thus  returning  the  message  to  the 
setter.  If  the  message  is  acceptable  to  the  setter,  nothing  further 
happens.  However,  if  the  message  is  incorrect,  the  cycle  begins  again  at 
the  reset  pulse. 

The  prototype  would  be  designed  with  integrated  circuits  available 
off  the  shelf.  For  the  CMOS  memory,  this  means  about  6 in.2  of  circuit 
board.  A multilayer  board  (three  or  four  layers)  would  also  be  required. 
If  the  MNOS  memory  is  used,  approximately  a 9-in.2  board  area  is  required. 


SIGNAL 


Figure  6.  Remote  set  with  CMOS  memory. 
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Figure  7.  The  CMOS  memory  timing  diagram. 
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